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(37) ABSTRACT

A dust detection method and apparatus of a cleaning robot.
The dust detection method involves acquiring a floor image as
a current floor 1mage of a predetermined place at a current
location of the cleaning robot 1n the predetermined place;
obtaining a difference image between the current floor image
and a background 1mage selected from a feature map consist-
ing of a plurality of floor images of the predetermined place;
and detecting a dusty area based on the difference 1mage and
adjusting a cleaning power of the cleaning robot.

13 Claims, 7 Drawing Sheets
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DUST DETECTION METHOD AND
APPARATUS FOR CLEANING ROBOT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the prionity of Korean Patent
Application No. 2004-13569, filed on Feb. 27, 2004, 1n the

Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a cleaning robot, and more
particularly, to a dust detection method and apparatus which
can 1ncrease the etficiency of a cleaning process by automati-
cally detecting dust on a floor, appropniately adjusting a
cleaning power of a cleaning robot, and appropriately modi-
tying a cleaning path of the cleaning robot.

2. Description of Related Art

Recently, a variety of mobile robots, which generally
include a driving means, sensors, and a travel controller and
perform many useful functions while autonomously operat-
ing, have been developed. For example, a cleaning robot 1s a
cleaning device that collects dust and dirt on the floor while
autonomously moving about the surface without a user’s
control. For a more eflicient cleaning process, the cleaning
robot 1s required to correlate 1ts cleaning power to the amount
of dust and dirt on the floor.

Various dust detection techmiques for a cleaning robot,
which adjust the cleaning power of the cleanming robot based
on a result of determining the amount of dust and dirt on the

floor, are disclosed in U.S. Pat. Nos. 5,163,202, 5,233,682,
and 6,023,814. More specifically, in U.S. Pat. No. 5,163,202,
a light emitter and a light receptor are installed on a dust
suction tube of a cleaning robot, and the amount of dust and
dirt on the floor of a room 1s determined based on the amount
of light recerved by the light receptor. In U.S. Pat. No. 5,233,
682, the amount of dust and dirt determined based on the
amount of light recerved by the light receptor, and the sizes of
dust and dirt particles are also measured based on a total
amount of time required for dust and dirt particles to pass
through an optical passage. However, the dust detectability of
these two patented techniques may deteriorate after a period
of use because there 1s a high probability of impurities being
accumulated at the light receptor and the light ematter. In
order to solve this problem, U.S. Pat. No. 6,023,814 discloses
a vacuum cleaner which includes a detection sensitivity cor-
rection unit installed at a suction passage.

All of the above patented techniques cannot determine
whether dust particles exist on the tfloor until they draw the
dust through a suction passage. In addition, the above pat-
ented techniques detect dust without considering the state of
the floor, and thus, the efficiency of a cleaning process may
deteriorate.

SUMMARY OF THE INVENTION

An aspect of the present invention provides a dust detection
method and apparatus, which can increase the efliciency of a
cleaning process by automatically detecting dust on the tloor,
adjusting a cleaning power of a cleaning robot, and moditying
a cleaning path of the cleaning robot.

According to an aspect of the present invention, there 1s
provided a dust detection method of a cleaning robot. The
dust detection method 1ncludes acquiring a tfloor image as a
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2

current floor 1mage of a predetermined place at a current
location of the cleaning robot 1n the predetermined place;
obtaining a difference 1image between the current floor image
and a background 1mage selected from a feature map consist-
ing of a plurality of floor images of the predetermined place;
and detecting a dusty area based on the difference image and
adjusting a cleaning power of the cleaning robot.

The feature map may be generated by causing the cleaning
robot to remove dust and dirt on the floor of the predetermined
place, acquire floor images of the predetermined place, and
store, as a map, the acquired tloor images and the respective
locations of the cleaning robot provided by a localization
system.

In the acquiring, an 1llumination unit of the cleaning robot
may be turned on when acquiring the current tloor 1image.

In the acquiring, a portion of the current floor image which
needs to be processed may be determined based on the speed
of the cleaning robot.

I1 the plurality of floor images of the feature map have no
patterns, one of floor images may be selected as the back-
ground 1mage, and otherwise, the obtaining may include per-
forming template matching on the current floor 1mage and
cach of the plurality of floor 1images of the feature map:;
comparing a maximum among similarities obtained as tem-
plate matching results with a predetermined reference value;
and selecting one of the plurality of floor images of the feature
map corresponding to the maximum similarity as the back-
ground 1mage 1f the maximum similarity 1s larger than the
predetermined reference value and setting the cleaning power
of the cleaning robot to a maximum level 1f the maximum
similarity 1s not larger than the predetermined reference
value.

According to another aspect of the present invention, there
1s provided a dust detection apparatus of a cleanming robot. The
dust detection apparatus includes an 1image acquisition unit
which acquires a floor 1image as a current floor image of a
predetermined place at a current location of the cleaning
robot 1n the predetermined place; and a control unit which
obtains a difference image between the current tloor 1mage
and a background 1mage selected from among the plurality of
floor images of the feature map, detects a dusty area based on
the difference 1mage, and adjusts the cleaning power of the
cleaning robot.

According to another aspect of the present invention, there
1s provided a computer-readable recording medium encoded
with processing instructions for causing a processor 1o
execute the aforesaid dust detection method.

According to another aspect of the present invention, there
1s provided a cleaning robot, including: an 1image acquisition
unit acquires floor images of a predetermined place 1n which
the cleaming robot moves while performing a cleaning pro-
cess; an 1mage processing unit which performs treatments on
the acquired tloor image; and a control unit which obtains a
obtain difference 1images between the acquired floor 1mages
and a plurality of floor 1images of a feature map, detects an
arca with the use of the difference images, and adjusts the
cleaning power of the cleaning robot.

According to another aspect of the present invention, there
1s provided a method of controlling a cleaning robot, includ-
ing: loading a feature map; detecting a dusty area; adjusting
the cleaning power of the cleaning robot to a calculated clean-
ing power; determining whether the dusty area 1s larger than
one grid, which 1s a maximum cleaning area of the cleaning
robot in any location; moving the cleaning robot to a gnid
nearest to a current location, when the dusty area 1s deter-
mined to be larger than one grid, modifying an existing clean-
ing path, performs a cleaning operation in the nearest grid,
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and upon completing the cleaning operation, returning to the
current location; performing a cleaning operation by follow-
ing an existing cleaning path when the dusty area 1s smaller
than one grid, displaying grids which have already been
cleaned and other grids which are vet to be cleaned by the
cleaning robot; and judging whether the cleaning robot has
completed its cleanming operation 1n all grids zones and, when
the cleaning robot has not yet completed 1ts cleaning opera-
tion 1n all grids repeating the detecting, adjusting, determin-
ing, moving, performing, and judging.

According to another aspect of the present invention, there
1s provided a computer readable storage medium encoded
with processing instructions for causing a processor to
execute the aforesaid method of controlling a cleaning robot.

Additional and/or other aspects and advantages of the
present mvention will be set forth in part 1n the description
which follows and, 1n part, will be obvious from the descrip-
tion, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the present
invention will become apparent and more readily appreciated
from the following detailed description, taken 1n conjunction
with the accompanying drawings of which:

FIG. 1 1s a block diagram of a cleaning robot according to
an exemplary embodiment of the present invention;

FI1G. 2 1s a flowchart of a dust detection method according,
to an embodiment of the present invention;

FI1G. 3 1s a flowchart of a method of forming a feature map
usable with the method of FIG. 2;

FI1G. 4 1s a flowchart of a method of controlling a cleaning,
robot according to an embodiment of the present mnvention;

FIGS. SA, 5B, and 5C 1illustrate patternless (solid) floor
1mages, 1.€., a current floor image, a stored floor 1image, and a
difference 1mage between the current floor image and the
stored floor 1image, respectively; and

FIGS. 6 A, 6B, 6C, and 6D are pattemed tfloor images 1.€.,
a current floor 1image, a stored floor image, a tloor 1image
obtained through normalized correlation, and a difference
image, and a difference image between the current floor
image and the stored floor 1image, respectively.

DETAILED DESCRIPTION OF

EMBODIMENTS

Reference will now be made 1n detail to embodiments of
the present mnvention, examples of which are illustrated 1n the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. The embodiments are
described below 1n order to explain the present invention by
referring to the figures.

FI1G. 1 1s a block diagram of cleaning robot according to an
exemplary embodiment of the present invention. Referring to
FIG. 1, the cleaning robot includes an 1mage acquisition unit
110, an 1mage processing unit 120, an illumination unit 130,
a control unit 140, a memory 150, an odometry unit 160, a
suction unit 170, and a driving unit 180.

The 1mage acquisition umt 110 1s installed on a lower
portion of the cleaning robot and acquires floor 1mages of a
predetermined place, 1n which the cleaning robot moves
around while performing a cleaning process. The image
acquisition unit 110 may be a camera with a wide angle or
super-wide angle lens (e.g., a fisheye lens).

The 1mage processing umt 120 performs various treat-
ments, such as distortion compensation and pre-treatment
processes, on the floor image acquired by the image acquisi-

tion unit 110.
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The 1llumination unit 130 1s 1nstalled on the lower portion
of the cleaning robot, and 1s turned on and off by the control
unit 140 whenever the 1mage acquisition unit 110 acquires
floor images.

The control unit 140 controls some of the elements of the
cleaning robot by running a predetermined control program.
The control unit 140 may control the 1llumination umt 120
and the 1image acquisition unit 110 so that the image acquisi-
tion umt 110 can acquire floor 1images, obtain difference
images between the acquired floor images and a plurality of
floor 1mages of a feature map stored in the memory 150,
detect an area with the use of the difference images, and adjust
the cleaning power of the cleaning robot based on the size of
the area that requires cleaning.

The memory 150 stores a plurality of tloor images of the
predetermined place and the respective locations of the clean-
ing robot 1n the predetermined place as the feature map.

The odometry unit 160 determines the distance that the
cleaning robot has moved. An encoder may be used as the
odometry unit 160.

The suction unit 170, which 1s installed on the lower sur-
face of the cleaning robot to come 1nto direct contact with the
tfloor of the predetermined place, collects dust and dirt from
the floor of the predetermined place by an air suction.

The driving unit 180 drives driving motors (not shown)
which are independent of each other and under the control of
the control unit 140 such that one of the driving motors rotates
in a forward direction and the second driving motor rotates 1n
a backward direction.

FIG. 2 1s a flowchart of a dust detection method according
to the present embodiment of the present invention. Referring
concurrently to FIGS. 1 and 2, the illumination control 1s
performed 1n operation S202. The illumination unit 130 1s
turned on slightly before the image acquisition unit 110
acquires a floor 1image and 1s turned oif slightly after the
image acquisition umt 110 acquires the floor image. A current
floor 1image acquired by the image acquisition unit 110 1s
input 1n operation S204. The input rate of frames by the image
acquisition unit 110 may be several per second. Thereafter, 1in
operation S206, which portion (hereinafter, referred to as an
image processing portion) of the current floor image 1s to be
processed by the image processing unit 120 1s determined
based on the speed of the cleaning robot. Floor images con-
secutively acquired by the image acquisition unit 110 when
the cleaning robot moves at low speeds are likely to represent
almost the same portions of the tloor, 1n which case, there 1s
no need for the mmage processing umt 120 to repeatedly
process redundant portions of the tloor images. For example,
it 1s assumed that the cleaning robot moves at 300 mmy/sec,
and the image acquisition unit 110 takes a 30 cmx20 cm floor
image every 33 ms. Since the cleaning robot moves about 1
cm (=300x0.033) every 33 ms, a portion of the current floor
image ranging {rom the top of the current floor image to 3 cm
below therefrom may be determined as the 1mage processing
portion.

The 1image processing portion includes three sub-portions,
1.€., upper and lower sub-portions which are each 1 cm wide,
and a middle sub-portion which 1s interpolated between the
upper and lower portions and also 1 cm wide. The middle
sub-portion reflects the distance (€2 1 cm) the cleaning robot
moved 1 33 ms, and the upper and lower sub-portions are
provided to compensate for a difference between 1 cm and the
distance that the cleaning robot moved 1n 33 ms.

In operation S208, the image processing unmit 120 performs
a distortion compensation treatment and pre-treatment on the
portion of the current floor 1image to be processed.
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In operation S210, 1t 1s determined based on a feature map
whether the current floor image has figures. The feature map
1s a map ol a plurality of floor 1mages obtained at various
locations on the tloor. A method of forming the feature map
will be described later with reference to FIG. 3. If the current
floor 1mage 1s determined not to have patterns, one of the
plurality of floor images of the feature map i1s selected as a
background image for the current floor 1mage in operation
5212, and then the dust detection method proceeds to opera-

tion S224. Here, the background image 1s an image selected
from among the plurality of floor images of the feature map,
and then 1t 1s compared with the current floor image. FIG. SA
illustrates a current floor 1image not having figures, and FIG.
5B illustrates a stored floor image corresponding to the cur-
rent floor 1mage.

If the current floor 1mage 1s determined to have figures
based on the feature map, a template matching process 1s
performed in operation S214. FIG. 6A 1illustrates a current
floor image having figures, and FIG. 6B illustrates a stored
floor 1image corresponding to the current floor 1mage.

A similarity v(s, t) 1s obtained by template matching a
template image with the current floor image. Template match-
ing based on a normalized correlation 1s described by Rafael
C. Gonzales and Richard E. Woods 1n “Digital Image Pro-
cessing” (pp. 583-586,1992). The similarity (s, t) 1s defined
by Equation (1) below:

(1)

> D 6 »F G )t ), (v 0]
¥

|
1 1
DIPILEEN) P
X ¥ X ¥

where w(x, y) denotes the template image, w denotes an
average of the values of pixels of the template 1mage w(x, y),
f(x, y) denotes the current floor image, and (X, y) denotes an
average of the values of pixels 1n a predetermined portion of
the current tloor image 1(X, v) corresponding to the template
image w(X, v) (1.e., on the feature map).

In operation S216, the similarity obtained as a result of the
template matching process 1s compared with a predetermined
reference value. If the similarity 1s larger than the predeter-
mined reference value, one of the plurality of images of the
teature map 1s selected as a background 1mage in operation
S218. FI1G. 6Cillustrates an image whose similarity, obtained
as a result of normalized correlation-based template match-
ing, 1s larger than the predetermined reference value. In
operation S220, the distance that the cleaning robot has
moved 1s determined based on the location of the current tloor
image 1n the feature map. Accordingly, an error in the distance
that the cleaning robot has moved, calculated by the odometry
unit 160, can be compensated for based on the distance that
the cleaning robot has moved, calculated in operation S220.
Thereatter, the dust detection method proceeds to operation
S224.

If the similarity 1s not larger than the predetermined refer-
ence value, 1t1s determined that there 1s a large amount of dust
and dirt on a portion of the floor corresponding to the current
floor image. Thus, the control unit 140 outputs a maximum
cleaning power or a maximum cleaning area in operation
S222. If the suction unit 170 1s formed as a single device, the
control unit 140 outputs the maximum cleaning power. If the
suction unit 1s composed of a plurality of suction devices, the
control unit 140 outputs the maximum cleaning area and the
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maximum cleaning power. Here, when the maximum clean-
Ing area 1s output, a cleaning operation 1s performed using all
of the suction devices. The similarity may be the same as or
lower than the predetermined reference value due to obstacles
on the floor of the predetermined place other than dust par-
ticles. This factor 1s taken into account when forming the
feature map.

In operation S224, a difference image between the current
floor image and the background image 1s obtained. FIG. 5C
illustrates a difference 1mage between the tloor images of
FIG. 5A and 5B, and FIG. 6D illustrates a diflerence image
between the floor images of FIGS. 6 A and 6B. The difference
image between the current floor image and the background
image 1s obtained by using Equation (2) below:

d(x, v)=Ifix, y)-wix, y) (2)

where 1(x, y) denotes the current floor image, w(x, v) denotes
the background image, and d(x, y) denotes the difference
image between the current floor image and the background
image. Supposing that the current floor image perfectly
matches with the background image, the difference image
between the current floor image and the background 1image 1s
obtained by subtracting a value of each pixel of the back-
ground 1mage from a value of a corresponding pixel of the
current floor image and then determining the absolute value
ol the subtraction results. Each pixel of the difference image
may have an RGB value or a grey level.

In operation S226, cleaning power and a dusty area are
determined based on the difference image. The dusty area 1s
determined based on pixels of the difference image having an
RGB value or grey level higher than a predetermined critical
value, and the cleaning power 1s calculated based on the total
area of the dusty area. Cleaning powers for different areas of
dusty areas can be stored 1n memory as a table.

Thereatter, 1n operation S228, the control unit 140 outputs
the cleaning power and the dusty area.

FIG. 3 1s a flowchart of a method of forming a feature map
according to the present embodiment of the present invention.
Reterring to FIG. 3, the cleaning robot removes dust and dirt
on the floor while cleaning the predetermined place in opera-
tion S302. In operation S304, a current floor image 1s input to
the cleaning robot by the image acquisition unit 110. In opera-
tion S306, current location information of the cleaning robot
1s recerved from a localization system (not shown). The local-
1zation system 1s a system which takes an 1mage of the ceiling
of the predetermined place, in which the cleaning robot
moves, detects an artificial mark from the ceiling image, and
estimates the location and azimuth angle of the cleaning robot
based on the location of the artificial mark or data provided by
the odometry unit 160. Therealiter, in operation S308, it 1s
determined whether the current tfloor image has the same
pattern as a previous floor image stored 1n a feature map, 1.¢€.,
whether the current floor image 1s identical with the previous
floor image. I1 the current tloor image has the same pattern as
the previous floor image, the current floor image 1s integrated
into the previous floor image 1n the feature map 1n operation
S5310. In other words, the fact that the current floor image has
the same pattern as the previous floor image 1s recorded 1n the
feature map as background 1mage data without storing the
current floor 1image 1n the memory 150, thus reducing the
storage used in the memory 150, which stores the feature
map. Thereafter, the method proceeds to operation S314.

I1 the current floor image does not have the same pattern as
the previous floor image in the feature map, the current floor
image and the current location data of the cleaning robot are
registered with the feature map separately from the previous
floor image 1n operation S312.
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In operation S314, the feature map 1s updated by storing the
current location information of the cleaning robot, which 1s
obtained 1n operation S306, the previous floor 1mage, into
which the current floor image 1s integrated in operation S310,
and the current tloor 1mage, which 1s registered with the
feature map separately from the previous floor 1mage 1n
operation S312, 1n the memory 150. In operation S316, 1t 1s
determined whether the formation of the feature map 1s com-
plete.

If the formation of the feature map 1s incomplete, the
current location of the cleaning robot 1s detected again or
estimated by the localization system in operations S318
through S322. More specifically, when the cleaning robot
moves, the distance that the cleaning robot moved 1s mea-
sured by the odometry unit 160 in operation S318. In opera-
tion S320, 1t 1s determined whether a current location of the
cleaning robot has been successiully detected. The new cur-
rent location of the cleaning robot 1s detected by using the
artificial mark attached onto the ceiling of the predetermined
place as a reference.

If the artificial mark 1s detected at the current location of the
cleaning robot, an accumulated error between the distance
that the cleaning robot moved, measured by the odometry unit
160, and the distance that the cleaning robot moved, calcu-
lated based on the new current location of the cleaning robot
1s removed, and then the current location data of the cleaning
robot stored 1n the feature map 1s updated by using the new
current location of the cleaning robot in operation S322. It the
feature map 1s updated 1n operation S322 or 11 the new current
location of the cleaning robot 1s yet to be detected 1n operation

5320, the method returns to operation S302.

If the formation of the feature map 1s complete 1n operation
S316, the method ends.

FI1G. 4 1s a flowchart of a method of controlling a cleaning,
robot, which performs the dust detection method of FIG. 2,
according to an embodiment of the present invention. Refer-
ring to FIG. 4, a feature map, which 1s generated by using the
method of forming a feature map of FIG. 3 and then stored in
the memory 150, 1s loaded 1n the control unit 140 1n operation
S402. Thereatter, as shown 1n FIG. 2, a dusty area 1s detected
in operation S404. In operation S406, the control unit 140
adjusts the cleaning power of the cleaning robot to a calcu-
lated cleaning power.

In operation S408, 1t 1s determined whether the dusty area
1s larger than one grid, which 1s a maximum cleaning area of
the cleaning robot in any location. If the dusty area 1s larger
than one grid, the control unit 140 adjusts the driving unit 180
to move the cleaning robot from a current grid zone where the
cleaning robot 1s currently located in another grid zone,
which, like the current grid zone, overlaps the dusty area and
1s nearest to the current grid zone, 1 operation S410. In
operation S412, an existing cleaning path 1s modified, and the
cleaning robot performs a cleaning operation in the nearest
orid zone to the current grid zone. Once the cleaning robot
completes the cleaning operation 1n the nearest grid zone to
the current grid zone, it returns to 1ts original location, 1.e., the
current grid zone, and then the method proceeds to operation
S416.

If the dusty area 1s smaller than one grid, the cleaning robot
performs a cleaning operation by following the existing
cleaning path in operation S414. Therealter, in operation
S416, grid zones, which have already been cleaned by the
cleaning robot, and other grnid zones, which are yet to be
cleaned by the cleaming robot, are displayed on a display unit
(not shown) installed at a main body of the cleaning robot.
The display unit may be a liqud crystal display (LCD).
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Thereatter, 1n operation S418, 1t 1s determined whether the
cleaning robot has completed 1ts cleaning operation in all grid
zones. If the cleaning robot has not yet completed its cleaning
operation 1n all grid zones, the method returns to operation
S404, and then the cleaning robot continues to perform its
cleaning operation. Otherwise, the method ends.

Embodiments of the present invention can be realized as
computer-readable codes written on a computer-readable
recording medium. The computer-readable recording
medium includes nearly all kinds of recording devices,
on/from which data can be written/read by computer systems.
For example, the computer-readable recording medium
includes a ROM, a RAM, a CD-ROM, a magnetic tape, a
floppy disk, an optical data storage, and a carrier wave (e.g.,
data transmission through the Internet). The computer-read-
able recording medium can be distributed over a plurality of
computer systems connected to one another via a network so
that computer codes therein can be executed 1n a decentral-
1zed manner. Functional programs, codes, and code segments
that embody the present invention can be easily dertved by
those skilled in the art.

According to the described embodiments of the present
invention, it 1s possible to enhance the performance of the
cleaning robot by obtaining a difference image between an
input 1mage obtained at a current location of the cleaning
robot and a predetermined background 1mage selected from
among a plurality of 1mages of a feature map, detecting
whether there 1s dust and dirt on the tloor of a predetermined
place that requires cleaning by the cleaning robot, and
enabling the cleaning robot to perform a cleaning operation
based on the detection results. In addition, 1t 1s possible to
compensate for an error between the distance that the clean-
ing robot moved, calculated by an odometry unit of the clean-
ing robot, and the distance that the cleaning robot moved,
calculated based on the location of the predetermined back-
ground 1mage in the feature map.

Although a few embodiments of the present invention have
been shown and described, 1t would be appreciated by those
skilled 1n the art that changes may be made 1n these embodi-
ments without departing from the principles and spirit of the
invention, the scope of which 1s defined 1n the claims and their
equivalents.

What 1s claimed 1s:

1. A dust detection apparatus of a cleaning robot, compris-
ng:

an 1mage acquisition unit which acquires a tloor image as a

current floor image at a current location of the cleaning
robot 1n the predetermined place; and

a control unit which calculates a difference 1mage between

the current floor image and a background image selected
from among the plurality of floor 1mages of a feature
map, detects a dusty area based on the calculated ditfer-
ence 1mage, and adjusts the cleaning power of the clean-
ing robot based on the detected dusty area,

wherein, when the plurality of floor 1images of the feature

map have no patterns, the control unit selects one of the
plurality of floor images as the background image, and
when the plurality of floor 1images of the feature map
have patterns, the control unit performs template match-
ing on the current floor image and each of the plurality of
floor images of the feature map, measures a similarity
between the current floor image and each of the floor
images, comparing a maximum among similarities
obtained as template matching results with a predeter-
mined reference value, and selects one of the plurality of
floor 1images of the feature map corresponding to the
maximum similarity as the background image when the
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maximum similarity 1s larger than the predetermined
reference value and sets the cleaning power of the clean-
ing robot to a maximum level when the maximum simi-
larity 1s not larger than the predetermined reference
value.

2. The dust detection apparatus of claim 1, wherein the
feature map 1s generated by causing the cleaning robot to
remove dust and dirt on the floor of the predetermined place,
acquire floor images of the predetermined place, and store, as
a map, the acquired floor images and the respective locations
of the cleaning robot provided by a localization system.

3. The dust detection apparatus of claim 1, wherein, when
the current floor 1mage 1s 1dentical to a previous tloor 1image
already stored in the feature map, the identity of the current
floor image with the previous floor image 1s displayed on the
feature map, otherwise, the current floor image 1s stored 1n the
feature map separately from the previous floor image.

4. The dust detection apparatus of claim 1, wherein, when
one of the plurality of floor images of the feature map 1s
selected as the background 1mage, the control unit calculates
a distance that the cleaning robot moved based on the location
of the background 1image 1n the feature map and compensates
for an error 1n the calculated distance that the cleaning robot
has moved.

5. The dust detection apparatus of claim 1, further com-
prising an illumination unit which is turned on when the
image acquisition unit acquires the current tloor 1image.

6. The dust detection apparatus of claim 1, further com-
prising a memory which stores the feature map.

7. A cleaning robot, comprising:

an 1mage acquisition unit which acquires floor images in

which the cleaning robot moves while performing a

cleaning process;
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an 1mage processing unit which performs treatments on the

acquired tloor 1images; and

a control unit which calculates diflerence images between

cach of the acquired floor images and a plurality of tloor
images of a feature map, detects a dusty area based on
pixels of the calculated difference images having a value
greater than a predetermined value, and adjusts the
cleaning power of the cleaning robot based on whether
the pixel values are greater than the predetermined
value,

wherein the control unit adjusts the cleaming power based

on the size of the area that requires cleaning.

8. The cleaning robot of claim 7, wherein the 1mage acqui-
sition unit may be a camera with a wide angle or super-wide
angle lens (e.g., a fisheye lens).

9. The cleaning robot of claim 8, wherein the treatments
include distortion compensation and pre-treatment processes.

10. The cleaning robot of claim 7, further comprises an
i1llumination unit which 1s turned on by the control umit when
the 1mage acquisition unit acquires tloor images.

11. The cleaning robot of claim 7, further comprises a
memory which stores the plurality of floor images of the
predetermined place and the respective locations of the clean-
ing robot 1n the predetermined place as the feature map.

12. The cleaning robot of claim 7, further comprising an
odometry unit which determines a distance that the cleaning
robot has moved.

13. The cleaning robot of claim 12, wherein the odometry
unit 1s an encoder.
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